The present article focuses on the properties of renewable bio fuels with relevance to ICE (Internal Combustion Engine) 
turned into fuel. This means that from the same volume of crude oil 15-20% more fuel is produced compared to conventional biodiesel. With retention of the glycerine-frame the internal oxygen content is 30 % higher than in the conventional biodiesel, which results in less harmful components in the exhaust gas than in the diesel [3, 33] . The essential difference in the production procedure of TBK is that the crude vegetable oil is not transesterificated with alcohol, but with ester. Because of this the TBK fuel doesn't correspond to the standard EN 14214:2013, (the conventional biodiesel). For our tests we used TBK based on rapeseed oil, transesterificated with methyl acetate. It is very important to highlight that the TBK biodiesel is a pure material; it doesn't have any additive contrary to the two other standardized fuels, which contain many additives in order to improve their physical and chemical properties and making them suitable for using in internal combustion engines. It is also important to mention that the production procedure of TBK is an invention of three Hungarian engineers (János Thész, Béla Boros, Zoltán Király), from this follows the Hungarian name of this new type biofuel. The above-described production procedure essentially differs from the so-called green diesel production [17] known previously.
The three fuels were tested for the following basic physical and chemical properties with relevance to ICE use: density, kinematic viscosity, lower heating value, flash point with open and closed cup method, and evaporability. Evaporability was determined with the help of thermogravimetry (TG) and differential thermogravimetry (DTG) curves.
Disadvantages of bio fuels in point of view of physical and chemical properties [15, 16, 25] can be compensated by decreasing in exhaust gas emission in point of certain components like CO (Carbon monoxide), HC (HydrogenCarbon) because of their adherent oxygen content [18, 20, 21, 24] .
In point view of combustion (recorded with helping of indicator diagrams) and ignition delay the results until now [16, 19, 22, 25] show not too much difference between commercial diesel and biodiesels.
Tested engine and used method
The fuel tests were carried out in engine type RÁBA D10 UTSLL 160, as this is the most commonly used engine in the Hungarian bus fleet. The main properties of the engine are shown in Table 1 .
Three points were chosen for the tests from the speed-load range of the engine as follows:
• 1300 rpm; 50% load • 1900 rpm; 25% load • 1900 rpm; 75% load The above three test points were chosen in relation to the emission of particulate matter. In these three test points the properties of the particulate matter emitted by the engine are very different. (Measuring more than three points did not seem justified and was avoided in order to prevent damages to the engine or the measurement system during the 30 to 50 minutes' test runs under high fuel load.) At low rotational speed the charger works with little power and the in-cylinder rotation (tumble and swirl) is also lower which results in poorer mixture formation, besides the greater air-fuel ratio at mean load. This can be a characteristic point in the emission of particulate matter in "mean" quantity. Lower quantity of particulate emission can be obtained at rated speed, and less load, where a greater mixing velocity and better air-fuel ratio results in better mixture formation. As regards the previous conclusions at rated speed and larger load one can expect a larger scale of particulate emission.
Results and discussion-regarding the physical and chemical properties of the fuels
In first step of the test series the main parameters of fuels was determined, which have an effect on use in ICE. These were density, kinematic viscosity, lower heating value, flash point with open and closed cup method, as well as evaporability. The physical and chemical properties of the investigated fuels are listed in Table 2 . Measures of fuel density were carried out with the help of areometer and weighing-machine [5] . The density of TBK is proved to be higher than the density of biodiesel and diesel. From the higher density comes a higher viscosity which leads to poorer atomization, less complete mixture formation and less efficient combustion in comparison with the biodiesel [2] . Although the density of TBK exceeds just slightly the upper limit value of density of biodiesel standing in the relating standard. Fig. 1 The kimenatic viscosity in function of temperature of the tested fuels
Measurements of fuel viscosity were carried out with the help of Ostwald-Fenske viscometer [11] , in the temperature range of 20 -100 °C in 10 °C steps. The results are shown in Fig. 1 . In Figure 1 the limit values in the relating standards are marked [12, 13] . The kinematic viscosity of TBK is the highest in the whole temperature range tested. The value of TBK at 40 °C exceeds significantly the value of 5 mm 2 /s, which is the upper limit value of biodiesel in the relating standard.
Another option to calculate the lower heating value of the fuel, in case its elemental composition is known, is to determine the LHVs (Lower Heating Values). The details of LHV determination are fixed in the relevant standards [9, 10] . Analysis of the elemental composition of the fuels as regards the four elements, namely C, H, N, S [9, 10, 14] , determined according to the standardized method, resulted in the approximation that the residue was the oxygen. Comparing the two renewable fuels can be stated that TBK has a 30 % higher oxygen content, which can have a beneficial effect on certain emission components derived from the engine.
From the elemental composition the lower heating value is derived using the Boie formula [2] . The Boie formula is suitable both for solid and liquid fuels. The results show that the LHV of TBK and biodiesel is less than that of the diesel; the respective values are: 14% (biodiesel) and 17% (TBK).
The power of engine is proportional to the heating value of the fuel. If a fuel with less heating value is used and at the same time the dose is kept on the same value, the power of the engine will decrease. It follows that in order to reach the same power the fuel consumption will increase.
To determine the flash points of the fuels the relating standards [7, 8] was used [14] . The flash point is a key property in Diesel engine as regards the ignition delay. Because of the use in an internal combustion engine the results from the closed cup method are competent. The data listed in Table 1 clearly show, that the flash point of the two biofuels is almost identical in the open cup method, and in the closed cup method the TBK has a higher flash point, ergo the ignition delay will be a longer time period in case of a Diesel engine running on TBK.
It is worth to mention, that in the indoor method there is a higher sensitivity to fire; that is the temperature range with the open air method is circa 100 °C (between 90-185 °C) compared to the temperature range with the indoor method which is circa 150 °C (between 70-221 °C); in other words in the latter the differences in flammability are amplified. The TBK sample shows the largest difference between the two methods. It can be assumed that the higher oxygen content is responsible for this phenomena. The oxygen makes the molecule polar, and the polarity decreases the evaporative tendency.
The lower part of the thermogravimetry and the differential thermogravimetry curves give information about the evaporation properties of the fuels as well. Evaporation is affected by many things, for example the weight distribution of the molecules, the polarity of the molecules, their chemical saturation, and the phenomena of polarization.
The results can be seen in Fig. 2 . The diesel is built up of molecules with nonpolar bonds that is: soft bonds, and thanks to this the intensive evaporation begins sooner compared to the renewable fuels, which have molecules with polar, strong bonds and are heteronuclear (oxygen). The measurements were carried out in aerob environment favouring polarization in the biofuels and thereby decreasing the evaporative tendency.
The upper part of Fig. 2 shows the weight losses (%) in function of the temperature. The intensive evaporation of renewable fuels begins at a temperature which is about 100 °C higher compared to the fossil one. Figure 2 shows the velocities of the weight losses in function of the temperature. The maximum velocity of weight losses of the renewable materials appear approximately at the same temperature, which is 40-45 °C higher than the same parameter of diesel. While the fossil fuel quickly reaches the maximum point, the biofuels run at a lesser value. By the time the diesel is almost fully evaporated, only half of the biodiesel and the TBK are evaporated.
Results and discussion of achieved resultsEngine tests
Indicator diagrams are created from data derived from engine tests, and enable us to calculate the rate of the heat release rate and to analyse the process of combustion. The measurement system used to record the indicator diagrams can be seen in Fig. 3 . In case of indicator diagrams pure fuels were also tested in order to analyse the effect of the above mentioned parameters of combustion technology.
Indicator diagrams obtained at 1300 rpm rotational speed and 50% load are presented in Fig. 4 . As 1300 rpm is the speed which belongs to the rated moment therefore this point means a low speed and a mean load. In this engine running point the differences caused by the fuels are easy to observe. The injection start is the same at every fuel: exactly 1 CA (Crankschaft Angle) BTDC (Before Top Dead Center) based on rail signal of the fuel distributor. The biodiesel dose is risen by 13.3%, the TBK dose is risen by 8.1%, which is a little (biodiesel) or , much (TBK) lower than the scale of decrease of the heating value (14% and 17%, respectively). Based on the assessment of 100 indicator diagrams the peak pressures are established as follows: biodiesel 60.5 bar; TBK 59.1 bar; and diesel 56.6 bar. Figure 4 can also be noted, that the combustion is more intensives in the first section of combustion in case of the renewable fuels.
Indicator diagrams at 1900 rpm and 25% load are presented in Fig. 5 . As 1900 rpm is the rated speed therefore this point means a high speed and a low load. In this engine running point there are obvious differences between the fuels. The injection start is the same at every fuel exactly 10 CA BTDC based on rail signal of the fuel distributor. Biodiesel dose is risen by 13.6%, TBK dose is risen by 18.5%, which is in case of biodiesel little lower, in case of TBK higher than scale of decreasing of heating value (14% and 17%). Based on the assessment of 100 indicator diagrams it can be noted that the peak pressure is at biodiesel 51.8 bar, at TBK 51.6 bar, and at diesel 51.1 bar, which deviation in not competent. Based on Fig. 5 it can also be noted, that the combustion is more intensive in the first section of combustion in case of the renewable fuels. Figure 6 shows the indicator diagrams at 1900 rpm rotating speed and 75% load. At this speed and load the differences between the fuels are insignificant. Injection start is the same for all the fuels, based on the rail signal is 7 CA BTDC. Increase in dose is 13.9% in the case of biodiesel, and 19.4% in the case of TBK. It is by biodiesel little lower, by TBK higher than scale of decreasing of heating value (14% and 17%). Based on the assessment of 100 indicator diagrams it can be noted that the peak pressure is 65.8 bar in biodiesel, the highest: 66.4 bar in TBK, and 64.6 bar in diesel. Figure 6 also shows that the combustion is more intensive in the first section, primarily in the case of biodiesel, because of its specific composition. 
Conclusion
Parameters of a Diesel engine are influenced predominantly by the characteristics of the fuel used in the engine. These have an effect among others on the atomization process, on the range and size of fuel drops, and consequentially, on the composition of the exhaust gas, and finally on the engine efficiency. One of these parameters is density. The density of TBK is higher than that of biodiesel. A similar difference exists in kinematic viscosity as well. This property can result in a poorer atomization and, subsequently, a less effective combustion process. As regards density and kinematic viscosity the combustion process in the case of the biofuels leads to higher exhaust emission as compared to diesel but this increase regarding certain components can be compensated by the higher oxygen content of renewable fuels.
Work is done during the expansion stroke so the moment and power of the engine is proportional to the heating value of the fuel. Based on the results above it can be predicted that an engine running on TBK will have the least power and the highest specific fuel consumption.
Regarding the results obtained on flash point TG, and DTG it can be stated that the higher flash point of biofuels changes the characteristic of the combustion process. Ignition delay resulting from the higher flash point has to be controlled by measurement of cetane number. The oxygen content of the transesterificated molecules have an antinomic role: although the exhaust gas emission is reduced, the heating value and the evaporative tendency are reduced as well.
In our present article the emission measurement and the heat release rate were not mentioned. Furthermore, we would like to introduce, analyse, and assess the base emission and supplement it with the data of detailed particulate measurements and combustion simulation.
